Background: Exogenous lipoid pneumonia is a rare disease caused by aspiration or inhalation of oily substances.
Background
Lipoid pneumonia is an uncommon non-infectious inflammatory lung disease that is caused by the presence of lipids in the alveoli [1] . It is classified into two major groups, depending on whether the lipid/oil in the respiratory tract is from an exogenous or endogenous/ idiopathic source [2] . Pathologically, lipoid pneumonia is a chronic foreign body reaction to fat. It is characterized by lipid-laden macrophages. Although there have been reports on exogenous lipoid pneumonia caused by various types of lipids and oils [3] [4] [5] [6] [7] [8] , to the best of our knowledge, only one report has indicated that oil pulling (specifically sesame oil pulling), was a cause of lipoid pneumonia [9] . We herein report two uncommon cases of lipoid pneumonia that occurred due to repeated sesame oil pulling.
Case presentation

Case 1
A 66-year-old male who was a former smoker (67 packyears) presented with a chief complaint of dry cough. He had no relevant medical history and was not taking any prescribed medications. He habitually performed sesame oil pulling via nasal washing every evening for 8 months and often aspirated the oil. Three months after the onset of symptoms, he was admitted to our hospital for a detailed examination of abnormal chest shadows (Fig. 1b) , which had not been detected 6 months previously (Fig. 1a) . The following clinical observations were recorded at admission: respiratory rate, 18 breaths/min; blood pressure, 132/84 mmHg; body temperature, 36.0°C; and oxygen saturation, 97 %.
A physical examination revealed no abnormal findings, with the exception of inspiratory fine crackles in the right lower lung field on auscultation. The patient had no fever and the results of routine laboratory tests (including complete blood count, erythrocyte sedimentation rate, C-reactive protein and blood biochemistry) were normal, with the exception of his lactate dehydrogenase (LDH) and Krebs Von Den Lungen-6 (KL-6) levels, which were 249 IU/mL and 615 IU/L, respectively.
A chest roentgenogram and computed tomography (CT) revealed ground-glass opacity and interlobular septal thickening in the bilateral middle and lower lobes of the lungs that were particularly dominant in the right middle lobe (Figs. 1b and 3a) .
Bronchoalveolar lavage fluid (BALF) obtained from the right B4 bronchus was initially turbid white ( Fig. 2a) with a subsequent bilayer appearance (Fig. 2b) . Cultures and stains of the BALF specimen were negative for infectious organisms. The total cell count of the BALF was 439,000/ml. The cells consisted of macrophages (33 %), lymphocytes (60 %), neutrophils (4 %), and of eosinophils (3 %). The upper layer of the BALF was confirmed to have an oil component based on the microscopic detection of oil phagocytosis by alveolar macrophages that were stained with Sudan III (Fig. 2c) . Thus, he was diagnosed with lipoid pneumonia.
The patient received steroid pulse therapy with methylprednisolone (1 g) for 3 days, followed by prednisolone (20 mg), resulting in a mild improvement (Fig. 3c) . However, the infiltrative lung shadow showed re-progression 2 months after the dose of predonisolone was reduced. Bronchoalveolar lavage of the right middle lobe (20 aliquots of 50 mL saline) was performed under general anesthesia 4 months after the diagnosis. The lung infiltration regressed after this treatment (Fig. 3d) , and oral prednisolone therapy was continued and gradually tapered for 8 months. There were no signs of recurrence.
Case 2
A 38-year-old female who was a non-smoker with no history of smoking had recently become short of breath. She had no relevant medical history, and was not receiving any prescribed medications. She habitually performed sesame oil pulling via mouth washing every morning for 6 months and would sometimes aspirate the oil. Five months after the onset of symptoms, she was admitted to our hospital for a detailed examination of abnormal chest shadows that were detected during a medical check-up. The following clinical observations were recorded at admission: respiratory rate, 16 breaths/ min; blood pressure, 130/60 mmHg; body temperature, 36.3°C; and oxygen saturation, 98 %.
The patient had no fever and the results of routine laboratory tests (including complete blood count, erythrocyte sedimentation rate, C-reactive protein and blood Fig. 1 The chest roentgenogram of a 66-year-old male with lipoid pneumonia. No abnormal shadows were detected 6 months prior to admission (a). Infiltrative shadows were noted in the bilateral lower lung fields on admission (b) Fig. 2 The bronchoalveolar fluid examination in a 66-year-old male with lipoid pneumonia. The bronchoalveolar lavage fluid was initially turbid white (a) and subsequently exhibited a bilayer appearance (b). Oil phagocytosis by alveolar macrophages was observed under a microscope with Sudan III staining (c) biochemistry) were all normal; however, a chest roentgenogram and CT revealed ground-glass opacities in the bilateral middle and lower lobes that were particularly dominant in the middle and lingular lobes (Fig. 4a, b) . Biochemistry results and peripheral blood examination results were normal, with the exception of the patient's LDH level, which was 250 IU/ mL.
The patient underwent bronchofiberscopy; the BALF from the right B4 bronchus demonstrated findings that were similar to Case 1 (Fig. 5a ). The total cell count of the BALF was 156,000/ml. The cells consisted of macrophages (82 %), lymphocytes (8.7 %), neutrophils (9.3 %), and eosinophils (0 %). The upper layer of the BALF was confirmed to have an oil component based on the microscopic detection of oil phagocytosis by alveolar macrophages, which were stained with Sudan III (Fig. 5b) . She was therefore diagnosed with lipoid pneumonia due to sesame oil pulling. She was closely followed up. She discontinued oil pulling and showed gradual improvement 3 months later without intensive treatment (Fig. 4c) .
Discussion
Lipoid pneumonia is a rare type of pneumonia that was first reported by Laughlen in 1925 [10] . Thereafter, only sporadic cases have been reported. The disease is characterized by the presence of lipid-laden macrophages in the alveoli and is broadly divided into either endogenous or exogenous etiologies. Endogenous lipoid pneumonia may be primary or secondary to obstructive pneumonia and exhibits a chronic pattern in many cases. Moreover, it may be caused by the secretion of cholesterol and/or its ester derivatives from inflammatory lesions. In contrast, exogenous lipoid pneumonia results from the inhalation or aspiration of oil components. Exogenous cases may manifest with either an acute pattern, due to the inhalation of large amounts of oil components within a short period of time; or a chronic pattern, resulting from the deposition of small amounts of oil over long periods of time [11] [12] [13] .
Exogenous lipoid pneumonia has been reported to be caused by various types of lipids and oils. There have been many reports on liquid paraffin [3] and laxatives [4] as causative agents. Other causes include being a professional fire eater [5] , insecticide inhalation [6] , pulmonary aspiration of kerosene [7] , and the use of oilbased nose drops [8] .
Oil pulling has also been reported to induce lipoid pneumonia following habitual mouth washing with oil Fig. 3 Serial chest computed tomography images of a 66-year-old male with lipoid pneumonia. Ground-glass opacities with interlobular septal thickening (crazy-paving pattern) and partial infiltration in the right middle and bilateral lower lobes were observed on admission (a, b). The infiltrative shadow showed slight improvement after steroid pulse therapy (c). Subsequent bronchoalveolar lavage resulted in significant improvement (d) Fig. 4 A chest roentgenogram and computed tomography images of a 38-year-old female with lipoid pneumonia. Infiltrative shadows were noted in the bilateral lower lung fields on admission (a). Chest CT revealed ground-glass opacities with interlobular septal thickening (crazy-paving pattern) and partial infiltration in the bilateral lower lung fields (b). The shadows improved 3 months later (c) [9] , as was observed in this report in the patient of Case 2. The patient of Case 1 also used sesame oil for nasal washing. Both patients often aspirated sesame oil, indicating that sesame oil pulling may have induced lipoid pneumonia. To the best of our knowledge, there has been only one report to indicate oil pulling (specifically sesame oil pulling) was a cause of lipoid pneumonia.
Oil pulling has been used extensively as a traditional Indian folk remedy for many years to prevent decay, oral malodor, bleeding gums, dryness of throat, cracked lips and for strengthening the teeth, gums and the jaw. Oil pulling is a procedure that involves swishing oil in the mouth for oral and systemic health benefits. It is mentioned in the Ayurvedic text, Charaka Samhita, where it is called "kavala" or "gandusha," and is claimed to cure about 30 systemic diseases ranging from headache, migraine to diabetes and asthma [14, 15] . Oil pulling therapy can be performed using oils like sunflower oil or sesame oil. This method appears to have gained popularity in Japan after being introduced on a popular television show and has been popularized on the Internet. Sesame oil, through both the oral and nasal washing routes, appears to be the most commonly used oil. However, the number of individuals that engage in oil pulling in Japan is unknown.
The symptoms that are commonly observed in cases of exogenous lipoid pneumonia include fever, weight loss, cough, dyspnea, chest pain, and hemoptysis. However, the disease is difficult to diagnose because approximately 40 % of lipoid pneumonia patients have only mild symptoms or no symptoms at all, thus it is often found incidentally [2, 16] . In this study, both patients had mild symptoms of dry cough and dyspnea.
In the present cases, chest imaging revealed various characteristic features, including airspace consolidation, ground-glass attenuation, and mass shadows, which were accompanied by interlobular septal thickening (crazy-paving pattern) [17] . Most of the lesions were unilaterally dominant in the lower lobe or the right middle lobe, which are locations that are dependent on the patient's sleeping position [18] . The patient in Case 1 often engaged in nasal washing with sesame oil immediately before sleeping and tended to sleep on the right side, which supports the above assumption.
Acute pattern cases sometimes involve the development of severe pneumonia and may be fatal [12] , whereas many chronic pattern cases of exogenous lipoid pneumonia are characterized by minimal symptoms. The type and volume of lipid inhalation or aspiration are related to the exogenous onset and severity of lipoid pneumonia [19] .
Few reviews have presented information regarding the systematic treatment of lipoid pneumonia. However, at a minimum, the source of exposure to the causative lipid or oil must be removed. In mild cases, such as Case 2 of the present report, spontaneous remission is often achieved after the discontinuation of the causative stimuli and conservative management [18] . In severe cases, oxygen inhalation or mechanical ventilation is required. Steroid therapy may be effective for treating cases in which lipoid pneumonia is associated with macrophage activation as a consequence of chronic inhalation of the lipid [20] ; however, not all cases respond to this treatment [21] . Repeated exposure to oil components and lung inflammation may account for irreversible lung damage in such cases. In fact, prednisolone induced only a slight improvement in Case 1.
The mechanical removal of the oil components by alveolar lavage, similar to the method applied for pulmonary alveolar proteinosis, has also been reported to improve severe cases of lipoid pneumonia [22, 23] . In Case 1, bronchoalveolar lavage resulted in improvement. We reported two rare cases of lipoid pneumonia that were caused by repeated sesame oil pulling. Sesame oil pulling should therefore be considered as a possible cause of lipoid pneumonia in patients who live in regions where this custom is popular.
Conclusion
Sesame oil pulling should be considered as a possible cause of lipoid pneumonia in patients who live in regions where the custom is popular.
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